Southern Illinois University Carbondale

OpenSIUC
Publications

Department of Psychology

3-1-2018

Sensitivity and Specificity of an Executive Function Screener at
Identifying Children With ADHD and Reading Disability.
Justin E Karr
Michelle Y Kibby
Audreyana C Jagger-Rickels
Mauricio A Garcia-Barrera

Follow this and additional works at: https://opensiuc.lib.siu.edu/psych_pubs

Recommended Citation
Karr, Justin E, Kibby, Michelle Y, Jagger-Rickels, Audreyana C and Garcia-Barrera, Mauricio A. "Sensitivity
and Specificity of an Executive Function Screener at Identifying Children With ADHD and Reading
Disability.." Journal of attention disorders (Mar 2018). doi:10.1177/1087054718763878.

This Article is brought to you for free and open access by the Department of Psychology at OpenSIUC. It has been
accepted for inclusion in Publications by an authorized administrator of OpenSIUC. For more information, please
contact opensiuc@lib.siu.edu.

BASC-2-EF

2

Sensitivity and Specificity of an Executive Function Screener at Identifying Children with
ADHD and Reading Disability

Justin E. Karr
University of Victoria

Michelle Y. Kibby & Audreyana C. Jagger-Rickels
Southern Illinois University – Carbondale

Mauricio A. Garcia-Barrera
University of Victoria

Author Note
Justin E. Karr, Department of Psychology, University of Victoria; Michelle Y. Kibby,
Department of Psychology, Southern Illinois University – Carbondale; Audreyana C. JaggerRickels, Department of Psychology, Southern Illinois University – Carbondale; and Mauricio A.
Garcia-Barrera, Department of Psychology, University of Victoria. Justin E. Karr is a Vanier
Canada Graduate Scholar and thanks the Natural Sciences and Engineering Research Council of
Canada (NSERC) for their support of his graduate studies. Data collection for this study was
funded in part by grants awarded to Dr. Kibby from NIH/NICHD (R03 HD048752, R15
HD065627). The views presented here do not necessarily reflect the opinions of NIH/NICHD.
Correspondence concerning this article via post should be addressed to Mauricio A. GarciaBarrera, Department of Psychology, University of Victoria, P.O. Box 1700 STN CSC, Victoria,
British Columbia, Canada V8W 2Y2. Electronic correspondence should be addressed to Justin E.
Karr (jkarr@uvic.ca).

BASC-2-EF

3
Abstract

Objective: This study evaluated the sensitivity/specificity of a global sum score (GSS) from the
Behavior Assessment System for Children, Second Edition, Executive Function screener
(BASC-2-EF) at classifying children with/without ADHD and/or reading disability (RD).
Method: The BASC-2 Teacher/Parent Rating Scales (TRS/PRS) were completed for children (812 years-old; 43.1% female) with no diagnosis (n=53), RD (n=34), ADHD (n=85), co-morbid
RD/ADHD (n=36), and other diagnoses (n=15). Receiver Operating Characteristic (ROC) Curve
analyses evaluated the sensitivity/specificity of the BASC-2-EF GSS at discriminating between
children with/without ADHD or RD.
Results: Area Under the Curve (AUC) scores indicated the sensitivity/specificity of the BASC2-EF GSS at discriminating between children with/without ADHD (TRS: AUC=.831, p<.001;
PRS: AUC=.919, p<.001), with/without RD (TRS: AUC=.724, p=.001; PRS: AUC=.615,
p=.101), and with ADHD or RD through post-hoc analysis (TRS: AUC=.674, p=.006; PRS:
AUC=.819, p<.001).
Conclusion: The findings support utilizing the BASC-2-EF GSS when differentiating ADHD
from RD and typical development.
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A rich body of research has evaluated the utility of the Behavior Assessment System for
Children (BASC) at assessing executive functions (Duggan, Garcia-Barrera, & Müller, 2016;
Garcia-Barrera, Duggan, Karr, & Reynolds, 2014; Garcia-Barrera, Kamphaus, & Bandalos,
2011; Garcia-Barrera, Karr, Duran, Direnfeld, & Pineda, 2015; Garcia-Barrera, Karr, &
Kamphaus, 2013; Sadeh, Burns, & Sullivan, 2012). Using the BASC-2 Teacher and Parent
Rating Scales for Children (TRS-C and PRS-C, respectively), a past derivation study established
the reliability and validity of the BASC-2-EF, a four-factor screener embedded in each form that
effectively measured four executive-related constructs: problem solving, attentional control,
behavioral control, and emotional control (Karr & Garcia-Barrera, 2017). The four-factor
measurement model of the BASC-2-EF showed optimal statistical fit, and each factor had
excellent internal consistency.
The Behavioral and Emotional Screening System from the BASC-2 was one of the most
frequently administered questionnaires in neuropsychological practice (Rabin, Paolillo, & Barr,
2016), and its popularity in research settings was also quite evident, with numerous studies using
scales from the BASC-2 as outcome measures in research designs (e.g., Graziano, McNamara,
Geffken, & Reid, 2013; Mahan & Matson, 2011). Considering its research popularity, BASC-2
data may be available to researchers through numerous archival datasets, making research on the
BASC-2-EF relevant to future research studies involving secondary data analysis (Karr &
Garcia-Barrera, 2017), despite the BASC now being in its third edition (BASC-3; Reynolds &
Kamphaus, 2015). Aside from executive function measurement more generally, a more specific
area where the BASC-2-EF may be useful to researchers is through the assessment of ADHD
and evaluation of executive functions among children with ADHD. Although the BASC was not
originally developed as a diagnostic measure for ADHD, the instrument has demonstrated
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clinical utility in aiding its diagnosis (e.g., Jarratt, Riccio, & Siekierski, 2005; Pineda et al.,
2005). One previous evaluation of the original BASC found measurement invariance of the
BASC-EF screener between children with and without ADHD, and also found ADHD status was
a significant predictor of all four factors measured by the BASC-EF (Garcia-Barrera et al.,
2015). Thus, the information gathered from the BASC-2 may assist researchers when making
diagnostic decisions about participants in secondary data analysis. Considering the relationship
between executive dysfunction, ADHD, and functional impairment (Biederman et al., 2004;
Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005), the limited utility of traditional cognitive
performance measures for the diagnosis of ADHD (Pineda, Puerta, Aguirre, Garcia-Barrera &
Kamphaus, 2007), and the need to use a multidimensional assessment approach that includes
performance-based tests and behavioral ratings (Garcia-Barrera & Kamphaus, 2006), the BASC2-EF and later iterations (i.e., BASC-3) could assist with such diagnostic decision making, just as
other neuropsychological measures of executive functions have demonstrated diagnostic utility
(Holmes et al., 2010). Specifically, it has been proposed that ratings of executive behavior may
measure a different type of executive function than what performance-based measures examine
in ADHD assessment (Toplak, West, & Stanovich, 2013); thus, the BASC-2 EF screener may
facilitate the clinical description of four components of executive behavior as parents and
teachers observed them, helping characterize the clinical case beyond the diagnosis of ADHD.
The current study consisted of a secondary data analysis of BASC-2 data collected
among typically developing children and children with neurodevelopmental diagnoses,
specifically ADHD and reading disability. Although the original BASC-EF was validated in a
sample with ADHD (Garcia-Barrera et al., 2015), the BASC-2-EF has only been derived using
the BASC-2 normative data, consisting entirely of typically developing children (Karr & Garcia-
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Barrera, 2017), and it has yet to be clinically validated. Following previous research on the
BASC-EF, the current study aimed to (a) replicate the four-factor model of the BASC-2-EF
using a mixed clinical sample, (b) identify the sensitivity and specificity of the BASC-2-EF at
classifying children with ADHD and RD diagnoses, and lastly (c) produce provisional diagnostic
cutoff scores for use in diagnostic decision making.
Method
Participants and Materials
Participants included 223 children (43.1% female; Age: x̄=9.49, SD=1.35, range: 8-12
years; Ethnicity: 85.8% Non-Hispanic Caucasian, 4.9% African-American, 2.7% Hispanic, and
6.7% of other ethnicities including multiracial children; Maternal Education: 52.5% with a
Bachelor’s degree or higher) who took part in larger funded projects examining
neuropsychological variables associated with RD and ADHD (Kibby, Lee & Dyer, 2014; Kibby
et al., 2015). They consisted of typically developing children (n=53) as well as children with RD
(n=34), ADHD (n=85), co-morbid RD/ADHD (n=36), and other diagnoses (n=15). These groups
did not differ significantly based on any demographic variables.
The diagnostic process for ADHD and RD are explained in detail in previous articles
(Kibby et al., 2014, 2015). ADHD diagnosis was determined by a clinical neuropsychologist
through a three-part process including a parent interview, a diagnostic questionnaire inquiring
about the presence of ADHD and other disorders using DSM-IV criteria, and the BASC-2 to
assess symptom severity for ADHD and other disorders. Participants without the six symptoms
required for diagnosis according to the DSM-IV, but with sufficient symptom severity and
impairment, were given an ADHD Not Otherwise Specified diagnosis if they obtained a T-Score
≥60 on the BASC-2 Attention Problems/Hyperactivity subscales. For participants included in the
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current analysis, the BASC-2-TRS-C and PRS-C were completed by teacher and parent raters,
respectively. The sample differs slightly from previous studies, as some of the larger sample had
data from the first edition of the BASC and not the BASC-2 and prior studies often focused
specifically on RD and/or ADHD and excluded participants with other diagnoses. Both BASC-2
rating scales are designed as broadband measures for the behavioral and emotional evaluation of
children ages 6 to 11 years. The BASC-2-TRS-C and PRS-C include 139 and 160 items,
respectively, rated on a 4-point Likert-type scale ranging from 1 (never) to 4 (almost always).
The BASC-2-EF included 33 items from the TRS-C and 20 items from the PRS-C (Karr &
Garcia-Barrera, 2017). The exact BASC-2 items included in each scale and their factor
assignments are presented in Table 1.
Statistical Analyses
The replication of the screener involved a confirmatory factor analysis of a one-factor,
two-factor, three-factor and four-factor measurement model conducted in MPlus v7.4 (Muthén &
Muthén, 2015), as performed in the original derivation of the BASC-2-EF (Karr & GarciaBarrera, 2017). The four-factor model was hypothesized to be the best fitting model, but in
addition to replicating the four-factor model, a second-order factor model was also calculated,
where all first-order factors loaded on a global executive function factor. To estimate the
reliability of each factor, Cronbach’s α was calculated for each factor using IBM SPSS v.22.
As the BASC-2 items qualify as polytomous, the data was specified as categorical in
MPlus. Model fit was evaluated by examining a set of fit indices, including the 2 goodness-offit test, the comparative fit index (CFI), the Tucker–Lewis index (TLI), and the root-mean-square
error of approximation (RMSEA). The 2 was not interpreted as the sample size was reasonably
large (Tanaka, 1987). In turn, alternative fit indices were considered to assess the fit of the
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model. A CFI/TLI at or above .90 indicated adequate fit (Bentler & Bonett, 1980), while a
CFI/TLI at or above .95 indicated optimal fit (Hu & Bentler, 1999). RMSEA values below .10
indicated good fit, whereas values below .05 indicated excellent fit (Steiger, 1989). Models were
compared based on change in CFI, with an increase in CFI at or above .01 indicating significant
improvement in model fit (Cheung & Rensvold, 2002).
A global sum score (GSS) of all items included in the BASC-2-EF was calculated for
both the TRS-C and PRS-C forms. When calculating the BASC-2-EF GSS for each form, all
items responses were coded as never (1), sometimes (2), often (3) and almost always (4). A set of
items were reverse coded (i.e., 1=4, 2=3, 3=2, 4=1), with these items listed in Table 1. A higher
GSS meant greater executive dysfunction. These sum scores were evaluated through a Receiver
Operating Characteristic (ROC) Curve analysis to determine the sensitivity and specificity of the
screener at discriminating between ADHD or RD and children without any diagnosis. A post-hoc
ROC analysis evaluated the sensitivity and specificity of the GSS at distinguishing between
children with ADHD and RD. This analysis served to determine if the screener was sufficiently
sensitive to differentiate between different neurodevelopmental diagnoses. This resulted in six
ROC analyses in total (i.e., ADHD vs. controls, RD vs. controls, and ADHD vs. RD, with each
analysis conducted for both the TRS-C and PRS-C). Participants with co-morbid diagnoses were
not included in ROC curve analyses to determine the sensitivity and specificity of the screener at
differentiating between specific diagnostic categories (i.e., ADHD, RD) and healthy children.
The Area Under the Curve (AUC) was interpreted for each analysis, and where the GSS
presented with a good or excellent AUC (i.e., good = .80-.90; excellent = .90-1.00), a cutoff
score for provisional diagnosis was calculated based on Youden’s J statistic (Youden, 1950).
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Results

Table 2 presents the model fit results for all measurement models evaluated. In terms of
statistical fit, the four-factor model showed the best fit for both scales (TRS-C: CFI=.942,
RMSEA=.087; PRS-C: CFI=.960, RMSEA=.080). The second-order factor model showed a
minimal decrement in model fit (TRS-C: CFI=.935, RMSEA=.093; PRS-C: CFI=.948,
RMSEA=.091). In the interest of a parsimonious interpretation, the second-order factor model
was considered the accepted model, with factor loadings provided for both the TRS-C and PRSC in Table 1. With these final item assignments, the internal consistency (i.e., Cronbach’s α) for
all items showed excellent reliability (TRS-C=.952; PRS-C=.913), while each subscale also
presented good to excellent internal consistency, including problem solving (TRS-C=.870; PRSC=.820), attentional control (TRS-C=.927; PRS-C=.902), behavioral control (TRS-C=.932; PRSC=.789), and emotional control (TRS-C=.759; PRS-C=.682).
The ROC analysis produced an Area Under the Curve (AUC) that corresponded to the
sensitivity and specificity of the BASC-2-EF GSS at discriminating between children with and
without ADHD (TRS-C: AUC=.831 [95% C.I.: .761, .901], p<.001; PRS-C: AUC=.919 [.858,
.979], p <.001) and children with and without RD (TRS-C: AUC=.724 [.612, .835], p=.001;
PRS-C: AUC=.615 [.481, .748], p=.101). The post-hoc analysis evaluated the sensitivity of the
BASC-2-EF GSS at differentiating between ADHD and RD (TRS-C: AUC=.674 [.481, .748],
p=.006; PRS-C: AUC=.819 [.718, .920], p<.001). Figure 1 provides a visual depiction of the
ROC curve and AUC for the analysis differentiating between children with and without ADHD
for the TRS-C and PRS-C.
As the TRS-C and PRS-C ROC analyses, respectively, resulted in good and excellent
AUCs when classifying children with ADHD, a cutoff score was calculated based on sensitivity
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and specificity values. Based on a Youden’s J statistic for the TRS-C, a cutoff score of 51
showed the highest sum of sensitivity (.785) and specificity (.714). For the PRS-C, a cutoff score
of 32 showed the optimal level of sensitivity (.908) and specificity (.844). A cutoff score was not
calculated for the post-hoc analysis, as this analysis served to demonstrate the utility of the
screener at detecting a specific diagnosis related to executive dysfunction (i.e., ADHD) rather
than provide diagnostic guidance when distinguishing between ADHD and RD.
Discussion
Complementing previous results on the BASC and BASC-2-EF (Garcia-Barrera et al.,
2011, 2013, 2015; Karr & Garcia-Barrera, 2017; Sadeh et al., 2012), the current findings offer
further psychometric evidence for the four-factor screener, and new evidence for the validity of
the GSS at differentiating between typically developing children and those with ADHD. While
the screener has been replicated multiple times using the original BASC (see Garcia-Barrera et
al., 2014), this study is the first to replicate the screener using the BASC-2 with a mixed clinical
sample, and the first study to offer evidence for a second-order executive function factor. The
good fit for the second-order factor model rationalized the calculation of a parsimonious GSS,
which was used in the ROC curve analyses. The results of these analyses met standards for good
and excellent AUC values for the TRS-C and PRS-C, respectively, when differentiating ADHD
from typical development, evidencing strong sensitivity and specificity of the BASC-2-EF GSS.
Although both the teacher and parent ratings resulted in significant AUC values, there
were slight differences in the magnitude of AUC values between the two raters across all ROC
curve analyses. These discrepancies could result from the diagnostic process for ADHD, where a
clinical interview and DSM-IV questionnaire completed with the parent were the primary
sources of information to determine a diagnosis. They also could result from both the biases of
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raters and the differences in settings in which the raters interact with children (Narad et al.,
2015). For ADHD assessment, both raters had highly significant AUC values; however, when
comparing children with and without RD, the teacher ratings showed greater executive
dysfunction among the RD children, whereas the parent ratings did not. Within a classroom
setting, a child with RD may more quickly disengage or become frustrated with a reading task,
which may be perceived as reduced attentional or emotional control, respectively. In contrast,
parent raters may provide more one-on-one support to their children when reading at home, and,
thus, may not observe as many of these behaviors. Differences in parent and teacher ratings have
been historically evident, such as more inconsistent and biased ratings provided by parents than
teachers (Hartman, Rhee, Willcutt, & Pennington, 2007; Lochman, 1995). Lower reliability of
parent ratings also was observed in the current findings; however, parent ratings evidenced
greater validity as a diagnostic measure of ADHD based on AUC values.
These differences in parent and teacher ratings made evident the value of a multiinformant assessment process. A teacher may provide a more reliable rating of executive
functions, whereas a parent may provide a rating with better diagnostic utility for ADHD.
Parents have been shown to have better diagnostic determination for ADHD than teachers
(despite bias and reliability issues), although utilizing a composite from multiple raters is better
diagnostically than relying on one rater (O’Neill, Schneiderman, Rajendran, Marks, & Halperin,
2014; Willcutt, 2012). Similarly, neither the parent nor teacher ratings on the BASC-2-EF are
independently diagnostic of ADHD, and future research should evaluate the incremental validity
of the BASC-2-EF scales to examine their added contribution to ADHD diagnosis beyond
neuropsychological measures or other diagnostic scales. As opposed to low performance on
neuropsychological measures, informant-reports of impaired executive functions may result from
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perceived problems by the rater that are unrelated to executive functions, in addition to true
executive function deficits. This is evident in the current findings, where teacher ratings on the
BASC-2-EF differentiated between RD and typical development. Although some evidence has
linked RD with deficits in executive function (e.g., Willcutt et al., 2001), executive dysfunction
would not be considered a primary diagnostic feature of RD. The behavioral measure cannot
replace a close examination of cognitive/linguistic functioning and reading abilities in
determining an RD diagnosis.
As opposed to RD, far more evidence has demonstrated pronounced executive function
deficits among children with ADHD (Bloom, Miller, Garcia, & Hynd, 2005; Willcutt et al.,
2005), and this executive function screener effectively differentiated ADHD from RD and
controls. Nonetheless, although there has been an increased appreciation for the ecological
validity of behavioral ratings of executive function (Garcia-Barrera et al., 2011), they do not
necessarily correspond to deficits found on testing, considering that correlations between
cognitive and behavioral measures often present as non-significant (Toplak et al., 2013). The
behavioral assessment of executive functions has become increasingly popular in both research
(e.g., Barkley & Fischer, 2011; Sadeh et al., 2012) and clinical practice (Rabin et al., 2016), but
it does not replace a comprehensive neuropsychological assessment that closely evaluates
cognitive deficits that are detectable through performance-based measures. Other
neuropsychological measurements have demonstrated sensitivity and specificity in ADHD
assessment (Holmes et al., 2010), and the BASC-2-EF can be coupled with such information to
create a clearer diagnostic picture, based on both cognitive measurement and behavioral ratings.
The current study is limited by the inclusion of the BASC-2 Attention Problems and
Hyperactivity subscales as one part of the diagnostic process for ADHD, as the items from both
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subscales overlap with the BASC-2-EF. Further research on the incremental validity of the
BASC-2-EF at detecting ADHD beyond preexisting subscales is warranted. Research on
diagnostic cutoffs of the executive function screener using the BASC-3 also would be useful for
direct implementation into current clinical practice, whereas the current findings will more likely
support diagnostic decision making in archival datasets.
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Table 1. Standardized Model Results
BASC-2-EF: TRS-C
2nd-Order 1st-Order
Factor
Factor
EF

PS

AC

BC

EC

BASC-2-EF: PRS-C
λ

Item

0.872 i30*
i50
i58*
i73*
i78*
i86*
i88*
i91*
i117*
0.937 i5
i33*
i44*
i61
i72*
i100
i128*
0.794 i8
i10
i14
i18
i38
i46
i54
i66
i74
i94
i102
i120
0.796 i29
i36
i49
i57*
i85*

λ

0.746
0.614
0.583
0.896
0.778
0.625
0.543
0.908
0.615
0.835
0.89
0.897
0.875
0.874
0.897
0.85
0.744
0.783
0.786
0.927
0.905
0.881
0.840
0.906
0.700
0.761
0.927
0.694
0.604
0.854
0.724
0.747
0.678

2nd-Order
Factor

1st-Order
Factor

EF

PS

AC

BC

EC

λ

Item

0.839 i4*
i36*
i67*
i113*
i132*
i154*
0.931 i9
i17*
i41*
i49*
i73
i105*
0.739 i38
i52
i116
i148
0.733 i10
i14*
i46*
i90

λ
0.632
0.756
0.832
0.785
0.714
0.523
0.838
0.890
0.881
0.739
0.814
0.927
0.613
0.813
0.861
0.836
0.596
0.644
0.714
0.647

Note. *Indicates an item that was reverse coded before summing (i.e., 1=4, 2=3, 3=2, 4=1). AC =
Attentional Control; BC = Behavioral Control; EC = Emotional Control; EF = Executive
Function; PS = Problem Solving.
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Table 2. Model Building Analysis
Model: TRS-C

WLMSV 2 (p)

df

CFI

Model 1: 33 Items, 1 Factor

2125.119 (.0000)

495

.888

Model 2: 33 Items, 2 Factors

1946.191 (.0000)

494

.900

Model 3: 33 Items, 3 Factors

1433.954 (.0000)

492

Model 4: 33 Items, 4 Factors

1330.278 (.0000)

Model 5: Second-Order Factor

∆CFI

TLI

RMSEA (90% C.I.)

.881

.121 (.116-.126)

.012

.893

.114 (.109-.120)

.935

.035

.931

.092 (.087-.098)

489

.942

.007

.938

.087 (.082-.093)

1442.673 (.0000)

491

.935

-.007

.930

.093 (.087-.098)

Model: PRS-C

WLMSV 2 (p)

df

CFI

∆CFI

TLI

RMSEA (90% C.I.)

Model 1: 20 items, 1 Factor

734.086 (.0000)

170

.897

.885

.125 (.116-.134)

Model 2: 20 items, 2 Factors

631.344 (.0000)

169

.916

.019

.905

.114 (.104-.123)

Model 3: 20 items, 3 Factors

435.108 (.0000)

167

.951

.035

.945

.087 (.077-.097)

Model 4: 20 items, 4 Factors

385.839 (.0000)

164

.960

.009

.953

.080 (.070-.090)

Model 5: Second-Order Factor

454.388 (.0000)

166

.948

-.012

.940

.091 (.081-.101)
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Figure 1. Receiver Operating Characteristic (ROC) curve for the Behavior Assessment System
for Children, Second Edition, Executive Function screener (BASC-2-EF) Global Sum Score
using the Teacher Rating Scale for Children (TRS-C; Left) and Parent Rating Scale for Children
(PRS-C; Right).

